An area that has been underinvestigated in pediatric pain research has been reliable and valid assessment of the multitude of variables that have been hypothesized to interact with pain perception and report. Age and sex of the child, cognitive level, specific disease parameters, psychological factors, family environment, and stress have all been targeted for examination; usually in isolation. A comprehensive framework for pediatric pain research should incorporate these variables and empirically examine the relationships between the variables and pain perception (see Thompson & Varni, 1986) .
In children with recurrent musculoskeletal pain, the prototype for chronic inflammatory arthropathy is juvenile rheumatoid arthritis (JRA). JRA provides an exemplary disorder for the investigation of chronic and more specifically, musculoskeletal pain in children. It is the most common connective tissue disease in children with an estimated prevalence of all forms of pediatric chronic arthritis as high as 250,000 American children. Incidence is estimated at 1.1 cases per year per 1,000 school-age children (Petty, 1982) and girls are generally affected twice as often as boys with peak onset in the age groups 1 to 3 and 8 to 12 years.
The term arthritis refers to objective inflammation of the connective tissues of a joint, characterized by swelling, heat, and pain (Cassidy, 1982; Hanson, 1983) . Juvenile rheumatoid arthritis may best be conceptualized as a syndrome with three distinct subtypes of disease onset: systemic, polyarticular, and pauciarticular (Hanson, 1983; Jacobs, 1982) . Systemic onset JRA occurs in approximately 20% of the total JRA population and is characterized by an abrupt onset in children who are generally less than 10 years of age. Intermittent fever and rash may be present at onset. Polyarticular onset JRA occurs in 30% to 40% of all patients and is characterized by arthritis in five or more joints with no evidence of fever or rash at onset. Onset typically occurs in patients older than 10 years of age. Pauciarticular onset JRA occurs in 40 to 50% of all patients and is characterized by arthritis in four or fewer joints. It typically begins in children under 10 years of age, with swelling and stiffness most frequently in the knee. Varni and Jay (1984) reviewed the literature pertaining to pain in juvenile rheumatoid arthritis, identifying only three studies: Beales, Keen, and Lennox Holt, 1983; Laaksonen and Laine, 1961; and Scott, Ansell, and Huskisson, 1977 . Two of the studies (Laaksonen & Laine, 1961; Scott etal., 1977) attempted to measure only pain intensity and neglected to consider the children's cognitive-developmental stage and conceptualizations of pain and illness. Both studies reported low pain intensity scores from the children. Based on their assessments, the authors concluded that children with arthritis experienced less pain than adults with rheumatoid arthritis. However, the term pain is an abstract concept that may not be meaningful to children, especially those children in a preabstract stage of cognitive development Varni, 1983) . Studies by Beales et al. (1983) and Varni, Thompson, and Hanson (1987) provide some support for the hypothesis of the importance of cognitive development and conceptions of health and illness when assessing pain in children. Both studies found that when words other than the term pain are used, children with juvenile rheumatoid arthritis have been able to report discomfort in their joints. This points out the importance of using a developmentally appropriate assessment approach when dealing with abstract concepts such as pain.
Psychological factors are cited as playing an important role in the variability of perceived pain (Fields, 1984) . In regards to musculoskeletal pain in specific, clinical observations have implicated psychological adjustment of the child, family environment, and stressors as instrumental in the perception and reporting of pediatric recurrent musculoskeletal pain (Bowyer & Hollister, 1984; Oster & Nielsen 1972; Passo, 1982; Peterson, 1977) . Unfortunately, these clinical impressions have not been substantiated with wellcontrolled research.
Thus far, research addressing the separate issues (i.e., cognitive development, psychological factors, family environment, medical parameters) that may influence pain perception in children with juvenile rheumatoid arthritis have been inconclusive, and comprehensive studies of pediatric chronic pain perception do not exist. One of the first steps toward a clearer understanding of these complex relationships requires a multidimensional assessment of the child with JRA and his/her family along the major relevant dimensions outlined above. The goal of the present study was to develop a developmentally appropriate multidimensional model from which it will be possible to empirically determine the effects of child psychological adjustment, family environment, and specific medical disease parameters on pain perception and report in children, with JRA serving as an exemplary disorder from which to evaluate the model.
METHOD

Subjects
Subjects were selected from the population of families having children with juvenile rheumatoid arthritis who were receiving treatment at the Rheumatology Clinic at Childrens Hospital of Los Angeles (CHLA). Candidates for study participation were required to be English speaking, with children between the ages of 4 and 16. Subjects were identified for the project by systematic reviews of the rheumatology clinic schedules. Twenty-three families, 18 with female children (78%) and 5 with male children (22%), constituted the final study sample, for a total of 46 subjects (23 mothers and 23 children). Twenty-two percent of the child subjects had pauciarticular onset JRA, 48% had polyarticular onset JRA, and 26% had systematic onset JRA. One subject had unspecified rheumatologjcal disorder. Ninety-one percent of the children were currently being prescribed medication for their rheumatological condition. The mean age of the children was 9.5 years, with a range of 5.0 to 15.2 years (SD = 3.17). The ethnic composition of the group was 57% Caucasian, 22% Hispanic, 17% black, and 4% Asian. Sixty-five percent of the families reported their religion as Protestant and 35% of the families reported their religion as Catholic. Eightythree percent of the mothers responding to the questionnaires were married, 9% were divorced, 4% were separated, and 4% were single. The average annual family income was between $10,001 and $30,000 (52% of the sample). Twenty-two percent of the sample had an average yearly income of between $30,0001 and $50,000. Seventeen percent of the families choose not to respond to the question regarding annual income.
Measures
The Varni/Thompson Pediatric Pain Questionnaire (PPQ; Varni & Thompson, 1985) was used to provide a comprehensive assessment of the child's and the parent's perception of the child's pain experience. The child form of the PPQ measures the intensity of pain, the sensory, affective, and evaluative qualities of pain, and the location of pain in a manner comprehensible to children. The parent form of the PPQ provides comparable information to the child form in addition to eliciting information about the child's pain history and family pain history. Questions about symptomatology, past and present treatment for pain, and socioenvironmental situations which may influence pain perception are included in the parent form. Present pain and worst pain intensity for the previous week were assessed by a visual analogue scale (VAS) which is included in the Varni/Thompson PPQ. Each VAS is a 10-cm horizontal line with no numbers, marks, or descriptive vocabulary words along the length of the line. The child VAS is anchored with developmental^ appropriate pain descriptors and happy and sad faces. The parent VAS is anchored by the phrases "no pain" and "severe pain." A VAS for use by physicians or other health care professionals is included in the Varni/Thompson PPQ.
The Family Environment Scale (FES) is a 90-item true-false questionnaire developed by Moos and Moos (1981) . The FES comprises 10 subscales that measure the social environmental characteristics of all types of families.
The 10 subscales assess three underlying domains, or set of dimensions: the relationship dimension, the personal growth dimension, and the system maintenance dimension. An index of the quality of social relationships in the family can be derived from the FES. The Family Relationship Index (FRI) is based on the three subscales that constitute the relationship domain of the FES. These subscales are Cohesion, the degree to which family members are helpful and supportive of each other; Expressiveness, the extent to which family members are encouraged to act openly and to express their feelings directly; and Conflict, the extent to which the open expression of anger and aggression and generally conflictual interaction are characteristic of the family. Each of these subscales consists of nine true-false items. The FRI has high internal consistency (Cronbach's alpha = .89) (Holahan & Moos, 1981) .
The Child Behavior Checklist (CBCL; Achenbach & Edelbrock, 1983 ) consists of 20 social competence items (e.g., peer relationships, school achievement, activities involvement) and 118 behavior problems (e.g., depression, anxiety, aggression). Standardized scores for internalizing and externalizing dimensions of behavior are provided and cutoff points on the distributions of total behavior problem and social competence scores have yielded good separation between children referred to mental health clinics and community nonreferred samples. Six normative scales are provided based on the age and sex of the child; girls 4-5, 6-11, and 12-16; and boys 4-5, 6-11, and 12-16.
The Disease Activity Index was designed specifically for this study to provide a global assessment of disease activity as determined by the pediatric rheumatologist. The categories included severe, moderate, mild, quiescent (no physical or laboratory signs, on medication), and remission (quiescent for 2 months without medication).
The Family Information Form was a checklist designed specifically for this study to assess basic sociodemographic characteristics. Marital status, ethnic background, religious preference, occupation, and educational attainment were recorded on this form.
Procedure
The mothers of the children identified as possible study candidates were approached at the time of a scheduled rheumatology appointment and invited to participate in the study. Written informed consent was obtained from the mothers at this time. The children were then approached and given an appropriate explanation of the research project after which their verbal consent was obtained. Consent from both mother and child was required for study participation. Twenty-six families were identified as eligible candidates and invited to participate. One mother and one child (both from the same family) refused to take part in the study for personal reasons, and two mothers failed to complete all the questionnaires. The psychological and medical assessments were all conducted in the outpatient clinic examining rooms or the Rehabilitation Unit at CHLA. All mother and child questionnaires were administered by the first author (K.L.T.). A pediatric rheumatologist conducted medical evaluations of all subjects after the psychological assessments were completed.
The Family Information Form, Varni/Thompson Pediatric Pain Questionnaire, Child Behavior Checklist, and Family Environment Scale were given in a standardized order to the mothers. The children completed the Varni/Thompson Pediatric Pain Questionnaire and the physician completed the Disease Activity Index (after a complete rheumatological examination of the child). All pain ratings on the VAS were made independently by the child, mother, and physician. The child, mother, and physician rated present pain and the child and mother rated worst pain for the previous week. The physician rated present pain intensity immediately after conducting the rheumatological examination. The Disease Activity Index was completed before the physician completed the VAS. Parenthetically, it can be noted that the physician's estimates of joint swelling, tenderness, pain, morning stiffness, and other patient characteristics may have been used to evaluate how active the disease was rated to be. Therefore, the measure of disease activity and the physician's measure of present pain intensity may have involved similar avenues of decision. However, the two measures are not identical. It is possible for a child to have morning stiffness and joint swelling yet report little pain. In this case, the physician might report the disease as active but the pain as slight. None of the subjects were aware of the responses of the other subjects on any of the assessment instruments at any time during the entire investigation. The assessment procedure took approximately 60-90 minutes for the mother, 20-30 minutes for the child, and 15-20 minutes for the pediatrician.
RESULTS
Pain Intensity
The childrens' ratings of their present pain intensity were correlated with their mothers' and the physician's ratings of child pain intensity to determine the strength of association between raters. A Pearson product-moment correlation coefficient was used (Allen & Yen, 1979) . Child present pain inten- sity ratings were significantly correlated with the mother's present pain intensity ratings (r = .72, p < .001) and with the physician's present pain intensity ratings (r = .65, p < .001); the mother and physician present pain intensity ratings were also significant (r = .85, p < .001). Child and mother ratings of worst pain for the previous week were, again, significantly correlated (r = .54, p < .013). Correlations between mother and child pain intensity ratings and the child's age show an increase in the correlation as the child's age increases (ages 5.0-8.11: r = .35, p < A3,n = 12; ages 9-15.2: r = .88, p < .001, n = 10) as do the correlations between physician and child (ages 5.0-8.11: r = .22, p < .24, n = 10; ages 9-15.2; r = ,88, p < .001, n = 9. Table I shows the child's, mother's, and physician's ratings on the VAS for present pain and the child's and mother's ratings on the VAS for worst pain during the preceeding week. Paired t tests were used with the alpha level set at .05 for a two-tailed test and adjusted using the Bonferroni inequality to control the experimentwise Type I error rate. No significant differences in present pain intensity ratings were found between child-parent (t = -2.90), child-physician (/ = -1.43), and parent-physician (t = 1.88). There was no difference in a comparison of child-parent worst pain intensity ratings (t = .56). A comparison of mother and physician pain ratings (computed from pain difference scores) revealed no significant difference between mother and physician in ability to approximate the child's pain.
Child, mother, and physician ratings of present pain intensity were examined for each JRA subtype. Pauciarticular JRA mean pain intensity ratings were 0.5, 0.6, and 0.0 (for child, mother, and physician, respectively). Polyarticular JRA pain ratings were 1.45 (child), 2.95 (mother), and 2.90 (physician); and systematic JRA pain ratings were 1.83 (child), 3.67 (mother) and 2.08 (physician).
The relationship between present pain intensity ratings and disease activity is represented in Figure 1 . More intense present pain ratings were associated with more active disease. A significant correlation was found for each rater: child, r = .35, p < .05, mother, r = .64, p < .001, and physician, r = .65, p < .001. 
Child Psychological Adjustment
General Adjustment
Statistical comparison of the study sample to the CBCL normative scales provided by Achenbach and Edelbrock (1983) is reported for girls aged 6 to 11 (n = 10) on the CBCL subscales and for the entire sample for internalizing, externalizing, and total T-scores. Six-to 11-year-old girls were the only subgroup with sufficient numbers for statistical comparison of the CBCL subscales, all other age and sex divisions lacked an adequate number of subjects for comparison because of the heterogeneity (sex and age) of the JRA study sample. Welch's V statistic was used for painvise comparisons of social and behavioral subscales between the JRA, community nonreferred and mental health clinic-referred normative samples provided by Achenbach and Edelbrock (1983) . Welch's V is used instead of the t test because Welch's V handles unequal variance and unequal sample sizes better than the / test. The V statistic provides a confidence interval of the difference between the pairs of means. Ninety-five percent confidence intervals were used rather than significance levels because confidence intervals provided more information about the magnitude of the difference being estimated. If a confidence interval contained zero, the null hypothesis of no difference between the means was not rejected (Fenstad, 1983; Wilcox, 1987a,b) .
There were no significant differences between the JRS total sample and the CBCL normative sample on internalizing, externalizing, or total T'-scores. There were no significant differences between the JRA 6-to 11-year-old girls and community nonreferred group on any of the CBCL subscales. The JRA sample was significantly different from the mental health clinic-referred sam-pie on the subscales of depressed, social-withdrawal, schizoid obsessive, hyperactive, sex problems, delinquent, aggressive, and cruel. No differences were found between the JRA and mental health clinic-referred sample on any of the social competence scales.
Pain and Child Psychological Adjustment
The relationship between pain and psychological adjustment, as measured by the CBCL, can be examined by looking at the overall 7"-score, sum of the internalizing behavior problem scales, and sum of the externalizing behavior problem scales and child pain intensity ratings. Pearson correlations (for the entire sample) show no significant relationships between overall 7*-score and pain intensity, r = -.11,/? < .30 or the sum of the internalizing scales and pain intensity, r = -.05,/? < .41. A trend level of significance was found between the sum of the externalizing scales and pain intensity, r = -.29, /? < .09. Achenbach and Edelbrock (1983) have defined the clinically relevant range on the CBCL as subscales having T-scores greater than 70. Using this criteria, individual subscales from the CBCL were transformed for all sex and age categories into groups of the number of elevated subscales. The transformed data were examined to determine the effect of the child's level of psychological adjustment on pain intensity using Welch's V statistic (a = .05). No significant differences were found between children with zero, one, two, or three elevated behavior scales and their report of present pain or worst pain intensity. Only one child had a total T-score (for internalizing and externalizing behavior problem scales) that exceeded 70. No differences were found between children with zero, one, or two elevated social competence scales and their reports of present pain or worst pain intensity.
When the JRA group was divided on the basis of child pain intensity and compared along the dimensions of total T-score, sum of the internalizing and externalizing behavior problem scales, and the total of the social competence scale, no significant differences were found between the high and low pain intensity groups. This may be due in part to the restricted range of the present pain intensity scores for the child.
Family Environment
General Functioning
Differences in mean scores on the 10 dimension scales of the FES were analyzed using Welch's V for JRA, normal, and distressed families (the nor- mal and distressed family scores were standardized scores provided by . The JRA families' FES subscales of cohesion, moral-religious emphasis, and organization were all significantly different from the normal families (p < .05; the familywise Type I error rate (FWI) was set at a = .05 for all pairwise comparisons). The JRA families' FES subscales of cohension, expressiveness, conflict, intellectual-cultural orientation, activerecreational orientation, moral-religious emphasis, and organization were all significantly different from the distressed families (p < .05; FWI = .05 for all pairwise comparisons). There were no differences between JRA subtypes on any of the FES subscales. Raw score means for all FES dimensions are presented in Table II for the JRA, normal, and distressed families.
Pain and Family Environment
Table III provides the correlation between the family environment dimensions and reports of present and worst pain intensity by the child. Present pain intensity was negatively correlated with the dimensions of independence (r = -.34), achievement orientation (r = -.31), and intellectual-cultural orientation (r = -.35). Worst pain intensity was negatively correlated with the dimensions of cohesion (r = -.34) and expressiveness (/• = -.46).
The total JRA group was again divided along the dimension of present pain intensity and examined for differences in family environment scores. No significant differences were found between the high and low pain intensity groups. This may again be due in part to the restricted range of the pain intensity scores and to the great similarity of scores between the JRA families.
The Relationship of Child Psychological Adjustment, Family Environment, and Disease Parameters on Reports of Pediatric Pain Intensity
Multiple regression analyses were used to evaluate the effects of child psychological adjustment, family environment, and disease-specific variables on the child's report of present and worst pain intensity. The SPSS forward stepwise procedure was used and the order of inclusion was determined by the respective contribution of each variable to explained variance (Kim & Kohout, 1975) . Multiple R, R 2 , and the proportion of R 2 changes are given in Table IV . The variables were selected for the multiple regression analyses based on the biobehavioral model of pain assessment (Thompson & Varni, 1986; Varni, 1983) . Accordingly, the Family Relationship Index of the FES, the sum of the internalizing and externalizing behavior problem scales and the social subscale of the CBCL, and the disease parameters of subtype and disease activity were entered into the regression analyses. Thirty-four percent of the amount of variation in present pain intensity and 72% of the variance in worst pain intensity were predicted. 
DISCUSSION
The strong association between the child, mother, and physician ratings of pain provide support for use of the PPQ's children's VAS in pediatric pain assessment and for the use of children's reports of pain in determining the relationships between psychological and environmental variables and pain. When assessing pain in adults the patient self-report is considered the most reliable and valid indicator of pain; child pain self-report is usually not considered an accurate index of the child's pain below the age of 7 (McBride, 1977) . Moreover, it is generally questioned whether children can express the nature, intensity, or location of their pain (Beyer & Byers, 1985) . The findings of the present study, high correlations between child, parent, and physician pain scores, and the findings of no significant differences between child, parent, and physician pain scores, suggest that some children as young as 5 years of age are able to communicate their pain intensity to a parent or health care professional when a developmentally appropriate pain assessment procedure is used. Parenthetically, for the four children in the 5 to 6 years of age range, we found a correlation of r = .58 between child and parent pain intensity ratings. While interpretation of these data is limited by the sample size, this finding is encouraging regarding the utilization of the Varni/Thompson VAS with children this young.
Present pain intensity scores were found to be low in this study. These results should not be interpreted as meaning that children with arthritis feel little pain, as has been suggested in the past. Adults with arthritis also reported only mild or no pain at the time of being interviewed (Burckhardt, 1984) but recalled distressing to excruciating pain when asked to rate the worst arthritic pain they had experienced. The children in this study who rated the worst arthritic pain they had experienced the previous week recorded substantially higher pain scores than they did at the time of the clinic visit. Also to be considered as a factor in arthritic pain assessment is the fact that arthritis is not a static disease. Pain levels fluctuate within an individual throughout the day and during the week.
Although no conclusive findings can be assumed from the examination of pain and psychological adjustment as measured by the CBCL, the subscale scores of children with JRA show a raised somatic complaints scale and fluctuations in the social competence scales when compared to mental health clinic-referred and community nonreferred children. The evaluation in the somatic complaints scale is most likely secondary to having rheumatoid arthritis. The fluctuation in the social competence scales suggest that children with chronic pain may be at risk for some adjustment problems relating to school experiences (perhaps due to frequent absences and/or lack of participation in active sports).
The family environment profiles of children with JRA are substantially different from normal and distressed families along several dimensions. The relationship dimension of cohesion and expressiveness were elevated and the conflict subscale was lower in the JRA families. This pattern is consistent with enhanced family closeness which has been reported as a consequence of having an ill child in the family (Ferrari, 1984) . Increases along such dimensions as moral-religious emphasis, organization, and control when coupled with a corresponding decrease in the dimension of conflict present a picture of the JRA families as being very controlled. This profile mirrors a family pattern of behavior that has been termed enmeshment (Minuchin et al., 1975) which is an extreme form of proximity and intensity in family interactions in which members are overconcerned and overinvolved in each other's lives (Goldenberg & Goldenberg, 1980) . Enmeshment, overprotectiveness, rigidity, and lack of conflict resolution have been observed transactional patterns in families with a psychosomatically ill child. The family profiles of children with JRA resemble in some aspects this type of psychosomatic family pattern. However, the negative correlation between worst pain intensity and cohesion suggests that for children with JRA, a close family environment may be beneficial rather than stressful.
Of key interest is the outcome of the multiple regression analyses. It has long been clinically hypothesized that child psychological adjustment and family environment may influence pain perception in addition to the ef-fects of disease parameters. Our empirical test of this model finds that for children with JRA, family environment and child psychological variables interact with disease variables to modulate the pain experience. Especially interesting is the difference in the relative effects of predictor variables for present and worst pain. This result stresses the importance of assessing multiple dimensions of the child's pain across different situations. Further investigations of the type of situations in which child psychological factors and family environment patterns may affect pain perception are needed.
Two of the goals of this investigation were to focus attention on a seminal aspect of pediatric pain -the multidimensionality of the phenomenon-and to highlight the need for multidimensional assessment (Thompson & Varni, 1986; Varni, 1983; Varni, Gilbert, & Dietrich, 1981) . Measuring only pain intensity in one situation does not adequately address the childhood pain experience. A model of pediatric pain assessment that incorporates (a) biomedical/disease variables; (b) appreciation of cognitivedevelopmental level; (c) measurement of child psychological adjustment; and (d) measurement of family environment is now essential if researchers and clinicians are to progress in the understanding of pediatric chronic and recurrent pain.
